Introduction
The Columbia River Basalt Group comprises a tholeiitic flood-basalt 5 2 province of moderate size, covering an area of about 2 x 10 km with an 5 3 estimated volume of about 2 x 10 km (Waters, 1962) . The group is the youngest assemblage of flood basalt known, with an age range from about 16.5 to 6 x 10 years b.p.; most eruptions took place between about 16.5 and 14 x 10 years b.p. (Watkins and Baksi, 1974; McKee and others, 1977) .
Wide-ranging regional studies of the basalt, underway for the last 10 years, have been devoted primarily to defining strati graphic and chemical relations for use in unraveling the history of the province and comparing the Columbia River basalt with flood basalt elsewhere. Recently, these studies have been accelerated because of the need to know more about the stratigraphy and structure of the basalt as related to potential storage of nuclear waste within the basalt pile. The accompanying maps are an initial result of this accelerated effort. These maps, together with a map of southeast Washington (Swanson and others, 1977 ; updated version by Swanson and others, 1979a) , provide an overview of the basalt in much of eastern Washington and northern Idaho north of the Clearwater embayment. Large unmapped areas remain in Washington; these are scheduled to be completed in 1979, after which a map of the basalt throughout eastern Washington will be prepared. The accompanying maps are preliminary, as only limited field checking has been completed, and certain inconsistencies exist, particularly in a poorly exposed area along the border of the Yakima and Wenatchee quadrangles. The maps will be upgraded in the summer of 1979 but are being issued now in order to make them available to other workers and to fulfill agreements with the U.S. Department of Energy.
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We conducted most of the geologic mapping in 1978, supported 
General aspects
The Columbia River Basalt Group is characterized by most features considered typical of flood-basalt provinces. Flows are voluminous, 3 3 typically 10-30 km with maximum volume of 700 km , and many cover large 2 areas, as much as 40,000 km . They generally advanced as sheetfloods, rather than as channelized or tube-fed flows, and form thick cooling units composed of one or more thinner flows. Eruptions took place from fissure systems tens of kilometers long. Small spatter ramparts formed but are poorly preserved owing to bulldozing by flows and later erosion. Cinder cones are very rare. In these and other features, the Columbia River basalt contrasts with that produced by basaltic plains or oceanic volcanism (Greeley, 1977) .
The flows cover a diverse assemblage of rocks (see Description of Map Units) on an erosional surface of considerable local relief, 1000 m or more in places, near the margin of the Columbia Plateau. Some of the prebasalt hills today stand high above the plateau surface, especially in the Spokane quadrangle. Little is known about the nature of the rocks or prebasalt surface beneath the central part of the plateau. Sparse evidence suggests that a thick weathered or altered zone caps a sequence of lower Tertiary volcanic rocks beneath the Pasco Basin (Raymond and Tillson, 1968; Newman, 1970; Jackson, 1975; Swanson and others, 1979B) .
Stratigraphy
Formal strati graphic subdivision of the Columbia River Basalt Group has recently been made (Swanson and others, 1979b) (fig. 1 ). Considerable effort was expended in doing this, in order to provide a strong framework for topical studies. Some additional flows have been found in Idaho and Oregon since the nomenclature was established, but they can easily be fit into one of the three formations in the Yakima Basalt Subgroup ( fig. 1 ).
The criteria used to recognize specific strati graphic units include petrography, magnetic polarity, and chemical composition. Petrography and magnetic polarity can be evaluated in the field and, taken together in overall stratigraphic context, are generally reliable. Chemistry is an invaluable guide to check and correct field identifications. In fact, use of chemical analyses for correlation purposes is so rewarding, and necessary in places, that no field study of the basalt should be undertaken without provision for chemistry.
The formal strati graphic units have been described in detail by Swanson and others (1979b) , Swanson and Wright (1978) , and Camp and others (1979) ; only general statements are made here.
Imnaha and Picture Gorge Basalts
Neither of these two formations crops out within the area covered by the accompanying maps.
Outcrops of the Imnaha Basalt are confined to extreme southeast Washington, northeast Oregon, and adjacent Idaho, where feeder dikes are known.
Whether the Imnaha occurs farther west beneath younger rocks is conjectural.
It covers a surface of rugged local relief and has an aggregate thickness of more than 500 m.
The Picture Gorge Basalt is apparently coeval with part of the Grande Ronde Basalt, as judged by interbedded relations (Cockerham and Bentley, 1973; Nathan and Fruchter, 1974) and reconnaissance magnetostratigraphic work (R. D. Bentley and D. A. Swanson, unpub. data, 1977) . It crops out only in and surrounding the John Day Basin in north-central Oregon, where feeder dikes comprise the Monument dike swarm (Waters, 1961; Fruchter and Baldwin, 1975) . Possibly the ancestral Blue Mountains uplift kept most flows from spreading northward out of the basin. The formation is at least 800 m thick; Thayer and Brown (1966) report a thickness of more than 1,800 m at one locality, although faulting may have duplicated part of the section,
Grande Ronde Basalt
The Grande Ronde Basalt is the oldest formation of the Columbia River Basalt Group shown on the accompanying maps. It is the most voluminous and areally extensive formation in the group, underlying most of the Columbia Plateau with an estimated volume of more than 150,000 km3 . Its thickness varies widely depending on underlying topography; the thickest known section exceeds 1000 m in drill holes in the Pasco Basin, and sections 500-700 m thick occur in the Blue Mountains and other uplifted or deeply incised areas The Grande Ronde is subdivided into four magnetostratigraphic units on the basis of magnetic polarity; these units provide the only regionally useful subdivisions of the formation. Feeder dikes occur throughout the eastern half of the plateau and are apparently not confined to distinct swarms as formerly thought (Waters, 1961) . The Grande Ronde conformably overlies the Imnaha Basalt and underlies the Wanapum Basalt. Commonly a thick soil, and locally sediments, occur on top of the Grande Ronde; they indicate a significant time break, although probably no longer than a few tens of thousands of years based on local interbedded relations between the Grande Ronde and Wanapum Basalts in southeast Washington (Swanson and others, 1979b) .
Wanapum Basalt
The Wanapum Basalt is the most extensive formation exposed on the surface of the Columbia Plateau in Washington but is much less voluminous than the Grande Ronde, probably having a volume of less than 10,000 km 3 . On a local scale, the Wanapum overlies the Grande Ronde conformably, except for minor erosion or interbedding. On a regional scale, however, the Wanapum overlies progressively older basalt from the center toward the eastern margin of the plateau. Such onlap is not apparent along the northern and western margins, as the accompanying maps show. These relations suggest that the plateau had tilted westward before Wanapum time. We discuss the timing of this tilting later in this summary.
The oldest member of the Wanapum Basalt, the Eckler Mountain Member, occurs fairly extensively in southeast Washington (Swanson and others, 1979a) but was recognized only in the St. Maries, Idaho, area on the accompanying maps. A possible vent for the one or more flows in this area is just north of Clarkia, Idaho.
The Frenchman Springs Member crops out widely in the western, as well as southeastern (Swanson and others, 1979a) , part of the plateau. Its volume is probably 3,000 to 5,000 km3 . Generally three to six flows, in places as many as ten, occur in any one section. Flows were erupted from north-northwest trending dikes extending through the Walla Walla area of southeast Washington (Swanson and Wright, 1978; Swanson and others, 1979a) . Highly porphyritic flows, possibly of local derivation, are distinguished with difficulty from the Roza Member in the Soap Lake area; these flows may have erupted along the northward extension of the known feeder system. The Roza Member is well known, and readers are referred to papers by Lefebvre (1970) and Swanson and others (1975; , as well as the accompanying Description of Map Units for background information. The general distribution of the Roza (see accompanying maps and that by Swanson and others, 1979a) suggests that the central part of the Columbia Plateau had begun to subside (relative to its margins; absolute subsidence is not implied) before Roza time, as the member pinches out toward the west and northwest margins of the plateau as well as toward the east margin. The occurrence of the Roza near the north margin of the plateau north of Wilbur appears to violate this scheme; however, this area is along the projected trend of the Roza's vent system (Swanson and others, 1975) , and the flow near Wilbur may have been erupted locally from a fissure cutting the flank of the gentle subsidence basin.
General characterization of the Priest Rapids Member fs given in the Description of Map Units and by Swanson and others (1979b) . It is the youngest member throughout most of the northern part of the Columbia Plateau.
Feeder dikes occur near Orofino, Idaho, south of the mapped area (W. H. Taubeneck, T. L. Wright, and D. A. Swanson, unpub. chemical data, 1977;  V. E. Camp, unpub. map, 1978) , and a probable vent is located near Emida, Idaho. However, more vents must exist, as intracanyon flows of the member extend far up the ancestral St. Joe River valley. These flows are not highly pillowed, suggesting that they were erupted from an upstream vent, dammed the river, and flowed down a nearly dry valley, rather than back-filling a valley down which a river was pouring. Moreover, Griggs (1976) The Esquatzel Member(?) apparently followed a similar course along Yakima Ridge but occupied different valleys and canyons farther upstream.
The Esquatzel occurs as isolated intracanyon remnants along and just north and west of the modern Snake River upstream from the Devils Canyon area (Swanson and others, 1979a) . It apparently was erupted within the ancestral Snake drainage, flowed downcanyon, and then either crossed an interfluve into the ancestral Columbia drainage or flowed directly into the Columbia if the two rivers joined in the central part of the plateau at that time.
The evidence from the Wilbur Creek, Asotin, and Esquatzel Members indicates that the dominant drainage direction was westward across the Columbia Plateau at that time and involved ancestors of the Snake, Columbia, and possibly Palouse Rivers.
The Pomona and Elephant Mountain Members are well known through the work of Schmincke (1967b) . Mapping in southeast Washington (Swanson and others, 1979a) shows that flows of both members were erupted 1n extreme Member (probably less than 5 km wide and now known to be more than 165 km long [Swanson and others, 1975; P. R. Hooper, unpub. map, 1978] Swanson, unpub. data, 1978) . Knowledge of the geometry of the vent systems allows prediction of where vents for specific flows should occur once one such vent is found. It further provides fundamental constraints relating to problems of magma generation, storage, and eruption mechanics. Mapping and chemical studies have shown that, in every example so far found on the plateau, the invasive basalt is at its expected strati graphic position relative to overlying flows and hence is an invasive flow (Schmincke, 1967c; Camp, 1976; Byerly and Swanson, 1978; A. Swanson, G. R.
Byerly, and T. L. Wright, unpub. data, 1978) . We include in this interpretation two thick sills previously interpreted in the classic sense (Hammond sill of Hoyt, 1961 , and the "Whiskey Creek sills" of Bond, 1963) ; work in both areas (Byerly and Swanson, 1978 and unpub. data; V. E. Camp, unpub. data, 1978) shows that even these thick sills are in proper strati graphic position relative to overlying flows.
These conclusions are significant, because they show that invasive relations provide insufficient, and in fact probably totally misleading, evidence for the former presence of magma beneath the area. 14 Efforts are underway to understand the stress regime that produced the deformation of the western part of the plateau. A profitable approach is offered by H. P. Laubscher, as discussed by Kienle and others (1977) Swanson and others (1977; .
Geologic time scale from Berggren and Van Couvering (1974) . (Becraft, 1950; Swanson, 1978) . (Waitt, 1979) in Kittitas Valley, Cowiche gravel of Smith (1903) in Cowiche and Ahtanum Creek drainages, and fan, pediment, and high-level terrace gravel elsewhere. Probably mostly Pliocene. Fission-track dates from Thorp Gravel are about 3.7 m.y. (Waitt, 1979) OLIVINE BASALT Principally basalt flows and cinder in the Goldendale area (Sheppard, 1967; Sylvester, 1978) . Includes olivine basalt flow and cinder in two small areas on Bethel Ridge north of Rimrock Lake (Swanson, 1978) . Probably mostly Pliocene. K-Ar dates for flows in the Goldendale area range from 0.9 to 4.5 m.y. (Kienle and others, 1979) Tw YAKIMA BASALT SUBGROUP OF COLUMBIA RIVER BASALT GROUP SADDLE MOUNTAINS BASALT Includes:
Elephant Mountain Member Nearly aphyric basalt flows of Elephant Mountain chemical type (Wright and others, 1973) . Normal to transitional magnetic polarity (Rietman, 1966; Choiniere and Swanson, 1979) . Normal magnetic polarity. Chemical composition given in Swanson and Wright (1978, Umatilla Member Fine-grained basalt flow of Umatilla chemical type (Wright and others, 1973) . Typified by very even grain size and near lack of phenocrysts. Normal magnetic polarity (Rietman, 1966) . Swanson, unpub. data, 1978) .
Normal magnetic polarity. Possibly equivalent to Weissenfels
Ridge Member of Saddle Mountains Basalt (Swanson and others, 1979) WANAPUM BASALT Includes:
Priest Rapids Member Fine to coarse-grained basalt flows with reversed magnetic polarity (Rietman, 1966) . Throughout most of mapped area, flows are of Rosalia chemical type (Swanson and Wright, 1978) ; such flows are nearly aphyric and contain groundmass olivine visible in fine-grained samples. South of a line between Sprague Lake and Rosalia, flows of Lolo chemical type (Wright and others, 1973; Swanson and Wright, 1978) (Pardee and Bryan, 1926) are invasive flows (Byerly and Swanson, 1978) (Lefebvre, 1970) .
Difficult to distinguish from some porphyritic flows in Frenchman Springs Member in places, especially near Soap Lake. Invasive into diatomite south of Quincy and in Frenchman Hills.
Vent areas near Macall and Revere form northernmost known part of linear vent system (Swanson and others, 1975 (Wright and others, 1973) . Many flows contain irregularly distributed plagioclase glortierocrysts as much as 50 mm across, but some are virtually aphyric. Generally fine-to mediumgrained. Normal magnetic polarity (Rietman, 1966 Hoyt (1961; Byerly and Swanson, 1978; Swanson and Wright, 1978) Mapped as Columbia River Basalt Group by Griggs (1973) . No basalt found in place. Chemical composition unlike any known for Columbia River Basalt Group (T. L. Wright and D. A. Swanson, unpub. data, 1978 River just east of map area (Grolier and Bingham, 1978) .
FIFES PEAK FORMATION Basaltic andesite, andesite, and lesser dacite and rhyolite flows and breccias in Cascade Range. Underlies Grande
Ronde Basalt with erosional unconformity. K-Ar and fissiontrack ages indicate middle and early Miocene age (Hartman, 1973; Vance and Naeser, 1977) OLIGOCENE VOLCANIC ROCKS--Includes flows, tuffs, and breccias, mostly andesitic and dacitic, in Ohanapecosh Formation and unnamed andesitic to rhyolitic breccia and tuff. Generally zeolitized. Fissiontrack ages are mid-Oligocene (Vance and Naeser, 1977) OLIGOCENE SEDIMENTARY ROCKS Chiefly epiclastic sandstone, shale, and conglomerate of Wenatchee formation of Gresens (1976) in Wenatchee area (Gresens and others, 1977) EOCENE VOLCANIC ROCKS In western part of map area, includes Teanaway Basalt, Taneum Andesite, basalt of Frost Mountain of Tabor and others (in press), rhyolite flows and tuff, and Naches formation of Stout (1964) . Includes the Sanpoil Volcanics (Pearson and Obradovich, 1977) in a north-northwest-trending zone along and north of the lower part of the Spokane River.
EOCENE SEDIMENTARY ROCKS Includes the Roslyn and partly correlative Chumstick
Formations (Tabor and others, in press; Gresens and others, 1977) , the Swauk Formation, and, southwest of Kittitas Valley, the Manastash Formation. Chiefly subarkosic sandstone DIABASE DIKES Mapped only in two dikes north of Clarkia, Idaho (Hietanen, 1963 (Swanson, 1978) . In fault contact with surrounding rocks METAMORPHIC ROCKS Chiefly high-grade gneiss, schist, amphibolite, and foliated quartzite. Includes the Swakane Biotite Gneiss between Henatchee and Entiat and the Methow Gneiss near Pateros north of Lake Chelan. Also includes relatively low-grade metamorphic rocks, particularly greenstone, of the Paleozoic Corvada Group north of the mouth of the Spokane River (Campbell and Raup, 1964) and meta-sedimentary rocks of probable Paleozoic age northwest and south of Rearden (Griggs, 1973; Becraft, 1963) 
